Abstract. The effect of the amount of dispersoids on softening behavior and recrystallized microstructure of Cu-Fe-P alloy was examined by the extracted residue analysis method. The degrees of contribution of larger particles (larger than 1μm in an average diameter) and smaller ones (less than 0.1μm) to the softening behavior were considered in the quantitative aspect, respectively. It was found that the change of the order of 10 -1 mass% in the amounts of both particles has a great effect on softening behavior. The difference in the amount of fine particles changes recrystallized grain size distributions at similar hardness. In the specimen with a small amount of fine particles, coarse grains and wide distribution of grain size were observed after annealing. As a result, it was revealed that fine and homogeneous recrystallized microstructure was obtained due to just 0.35mass% of fine partcles, even if the amount of large particles increased.
Introduction
Cu-Fe-P alloy is widely used for the electronic parts for IC lead frames. Recently, the process of manufacturing IC lead frames is extremely severe by the move to progressively thinner gauges for downsizing the electrical parts and places. Hence there is high demand on the improvement of the material performance such as strength, electrical conductivity and softening resistance.
The evolution of dispersoids is an important aspect in the development of microstructure in most commercial precipitation hardening alloys. Therefore many investigations have been made about the effect of dispersoids on the softening behavior of Cu-Fe-P alloys [1] [2] [3] [4] [5] [6] [7] . Coarse particles with a diameter larger than about 1μm play a role in major nucleation site of recrystallization [6] . On the other hand, fine particles with a diameter less than 0.1μm retard recrystallization and grain growth in alloys. Most of these interpretations are based on the evaluation of the size and volume fraction of particles through SEM and TEM observations, or the estimates of the solute content by the prediction from electric resistance measurement [7] . There is a further point, which needs to be clarified. Although the balance between coarse particles, fine particles and solute elements determines the softening behavior, the overall interpretation is hardly proposed in a quantitative manner.
Quantitative chemically analysis offers the key to an understanding of these problems. The authors have developed an extracted residue analysis method in which ammine complexes of Cu matrix and solute elements are formed in solution and the amounts of extracted dispersoids are analyzed quantitatively [8] . The purpose of the present paper is to explore a little further into the effect of the amounts of dispersoids on the softening behavior in Cu-Fe-P alloys quantitatively through this new extracted residue analysis method. In addition, it is important to clarify the influence of dispersoids on recrystallized microstructure because the grain size distribution affects the bending formability. The difference in a small amount of fine particles affects the recrystallized grain size distribution in a Cu-Fe-P alloy. The effect of the amount of dispersoids on the evolution of recrystallized grain size distribution was also discussed.
Experimental
An ingot of C194 alloy with the chemical composition shown in Table 1 was manufactured using an atmospheric furnace, hot rolled, cold rolled with a reduction of 95%, hold for 1h at 1273K and then cooled in air. Continuously, three kinds of aging treatments shown in Table 2 were carried out to change the amount and size of dispersoids. The aim of the aging at 773K was to increase fine particles and that at 1073K was to increase coarse particles. After aging treatments, specimens were quenched into water and final cold rolled down to 0.20mm thick.
To investigate the distribution of dispersoids, specimens were observed using SEM and TEM, and dispersoids were analyzed by EDS. The specimens were reduced in thickness down to 200μm by chemical polishing with nitric acid and mechanical grinding, punched into φ3mm, and polished electrolytically using nitrate alcohol solution down to thin film. Sample 10mm wide and 180mm long was taken from the each specimen in the rolling direction and electric resistance was measured by double bridge method. And then electric conductivity was calculated by average cross section method.
In order to investigate the softening behavior, the final cold rolled specimens 0.2mm thick were heat treated isothermally at 773K, quenched into water. And the hardness was measured with Micro-Vickers hardness tester under a load of 0.5kg.
The observations of structures after annealing are performed using Electron Back-Scatter diffraction Pattern (EBSP) technique. Typical areas of 500 x 500μm 2 were scanned and these scans were performed with a step size of 1μm. Image analyses were provided by Orientation Imaging Microscopy (OIM) technique.
Extracted residue analysis was used for measurement of the amount of dispersoids [8] . Cu matrix and solute elements were dissolved in ammonium acetate-methanol solution. The reaction liquid was suction filtrated with membrane-filter (pore size: 1μm, 0.1μm) and the extracted residue was determined quantitatively by ICP. Table 3 shows the hardness and electric conductivity of the final cold rolled specimens. While the hardness of three specimens is almost the same, the electric conductivity of specimen No.3 is lower than specimen No.1 and No.2 by 30%IACS. Fig.2 shows the TEM micrograph of final cold rolled specimen No.1 as a typical distribution of fine particles smaller than 0.1μm. The average size of the particles observed here is 24nm and they were all Fe particles. For both of the coarse and the fine particles, the average sizes were almost the same among the specimens. Fig.3 shows the SEM micrograph for the residue extracted through the filter with a pore size of 0.1μm. At the point of particles in the figure, Fe and P, or Fe were detected by EDS. These phases and sizes are consistent with above mentioned phases and sizes observed in the final cold rolled specimen. This indicates that the dispersoids existing in the final cold rolled specimens are extracted without being dissolved by the present method. Table 4 shows the analysis results of Fe and P in the extracted dispersoids larger than 0.1μm. Fe content in every specimens is about 1.5mass%, which accounts for about 70% of the total amount The pore size of the filter for extraction was changed to evaluate the ratio of Fe content for each particle size quantitatively. Fig.4 shows the ratio in each specimen. As for every specimen, the sum of the amount of particles smaller than 0.1μm, Fe f , and solute contents, Fe S , is about 0.7mass%. Specimen No.2 and No.3 contain more coarse particles larger than 1μm than specimen No.1 by 0.22mass%. As specimen No.1 and No.2 contain no solute P and show the same electric conductivity, they are considered to contain the same Fe S . Fig.5 shows softening curve of each specimen. Specimen No.1 is the most difficult to be softened. The other way, the softening resistance of specimen No.3 is extremely low.
Results
Microstructures of specimen No.2 and No.3 after annealing at 773K for 0.6ks are shown in Fig.6 . The hardness of these specimens are almost equal. As can be seen in these figures most areas are occupied by fine grains with a diameter of 50μm or less. The grain size of specimen No.3 varies widely compared with that of No.2. Fig.7 shows Image Quality maps of above specimens. Partial deformed grains are still observed in both specimens. These grains are elongated nearly parallel to the rolling direction and exhibit small values for the image quality. And these area are appeared as dark grains in map. Fig.8 
Discussion
It is impossible to separate and analyze the amount of fine particles, Fe f , and the amount of solute contents, Fe S , in the present analysis method. Consequently the difference of the amount of fine particles among the specimens was calculated in view of the difference in the electric conductivity as reported [8] Fig.9 shows the TEM micrograph of specimen No.2 annealed at 773K for 20s. This figure illustrates that both discontinuous recrystallization around coarse particles and continuous recrystallization. Such two types of recrystallization process in the vicinity can be observed. The reference A in the figure is a coarse particle larger than 1μm. D is a discontinuous recrystallization grain nucleated around this coarse particle. B shows a deformed microstructure with high dislocation density and C is a continuous recrystallization grain. According to the analysis of the electron diffraction patterns [9] , the 
